Rasmussen's encephalitis (RE), or chronic focal encephalitis, is a progressive neurologic condition consisting of cognitive regression, hemiparesis, and intractable epilepsy. While the etiology is unknown, evidence supports an autoimmune basis. Although steroids, plasmapheresis, and intravenous immunoglobulin (IVIg) may afford limited benefit, standard of care for pediatric cases typically involves hemispherectomy. In this report, we present a case of adult-onset Rasmussen's encephalitis with intractable epilepsy, ultimately responsive to a rituximab (Rituxan®) anti-B lymphocyte treatment protocol.
Introduction
Rasmussen's encephalitis (RE) or chronic focal encephalitis is a progressive neurologic disease characterized by cognitive regression, hemiparesis, and focal onset epilepsy [1] . Approximately 85% of affected individuals are 10 years old or younger [2] . Epilepsy can become intractable and is frequently heralded by epilepsia partialis continua progressing to other seizure types. Neuroimaging studies show progressive unilateral hemispheric atrophy [3] . Although no etiology has been identified, brain specimens often demonstrate chronic inflammatory changes [4] . Serum studies may reveal antibodies to neuronal elements including glutamate receptor type 3 (GluR3), however, this is not a specific marker of RE [5] . Surgical intervention in the form of hemispherectomy is the most definitive option to halt progression of the disease, although it is often not a viable option in dominant hemisphere or adult onset cases [6] . Here, we discuss a case of RE that was partially responsive to rituximab.
Case Presentation
A 25-year-old woman was referred for seizures refractory to medical management. Events began four years prior to referral and consisted of rhythmical twitching of the right hand, which spread to involve the right face or leg. Consciousness was preserved with the events. They lasted an average of one minute and would stop and restart, eventually occurring up to multiple times in an hour. The seizures occurred during wakefulness and sleep. The patient experienced intermittent paresthesias in her right hand and leg, independent of her finger twitching.
Prior studies included MRI and EEG, both of which were reported to be unremarkable. The patient was taking phenobarbital and levetiracetam at presentation to our hospital. Her exam showed normal language skills but an irregular, moderate-to-high amplitude twitching movements of her right hand at times with extension of her hand or individual fingers. She had variable weakness in the right arm, more so after vigorous or prolonged episodes of twitching. Rapid alternating movements with the right hand were slow and clumsy compared to the left hand.
Video-EEG monitoring recorded several clusters of right arm jerking with occasional spread to the right leg. The EEG revealed frequent runs of periodic lateralized epileptiform discharges (PLEDs) either at the vertex or broadly distributed over the left hemisphere, associated with timelocked right shoulder and arm myoclonus. Baseline EEG demonstrated nearly continuous polymorphic theta and delta slowing over the left hemisphere. A presumptive diagnosis of RE was made. Unsuccessful medication trials included clonazepam, topiramate, zonisamide, oxcarbazepine, levetiracetam, pregabalin, gabapentin, and phenobarbital. She underwent an HMPAO -SPECT injection eight minutes after a series of arm jerks and 10 minutes before the reappearance of focal seizures. The study showed decreased tracer uptake in the left frontal, temporal and parietal lobes. Routine CSF studies and cytology were normal. Antibodies directed against voltage-gated potassium channels (VGKC) of the KV1.2-KV1.4 type were positive in the patient's serum. Two days after drawing blood for antibody studies, she received the first of three courses of IVIg, 2 grams divided over five days. Slight reduction in seizure frequency and clinical spread occurred over the week after the first course of IVIg, but subsequent courses produced little or no benefit.
The patient was subsequently treated with plasma exchange (PEX), five plasma volumes exchanged with albumin and electrolyte correction over 10 days. PEX produced transient reduction in seizures, each lasting one to three months. Over time, the motor function in her right arm worsened and seizures spread more often to the right leg and face. She experienced a decline in her ability to do activities, such as dancing, painting, and writing. Repeat MRI, completed ten months after presentation, showed volume loss in the left frontoparietal and temporal lobes. In May 2008, almost two years after the patient was referred to the Epilepsy Center, she entered a rituximab (Rituxan®) monoclonal anti-CD20 B cell antibody treatment protocol [7] . Per protocol, she received four consecutive weekly infusions of rituximab at 375 mg/m2 for a total of one course. She underwent a three day course of PEX approximately two months following rituximab (RTX) treatment.
Immediately following RTX, she became seizure-free. One year follow-up revealed substantial improvement in seizure frequency and right hand dexterity. She was able to regain her ability to do activities, such as painting, dancing, and writing. She experienced only a daily twitch in the right pinky finger. After initial RTX therapy in May 2008 and subsequent PEX two months after, she went without significant seizure activity or need for PEX for 17 months. Follow-up assay of the VGKC KV1.2-KV1.4 antibody showed a negative titer.
Beginning in November 2009, she had a gradual recurrence of focal seizures from three times per week to multiple episodes per day occasionally requiring repeat PEX. By January of 2011, right arm focal seizures recurred at a frequency of three to 10 per day. A second course of Rituxan® (kindly provided on a compassionate basis by Genentech, Inc.) was given, with intravenous dose rounded to 800 mg (375 mg/m2 at 5'10", 110 kg, body surface area 2.3 m2) for three weekly courses beginning 6/20/11. By two weeks after completion of the second course, seizures improved to 0 to three per day for next four months, then resumed in October 2011 at 10 per day. She subsequently received two treatments with PEX, each time with several months reduction to 0 to three simple partial seizures per day. Interval neuroimaging in 2012 continued to show slight progressive left hemispheric atrophy.
Discussion
Our patient demonstrated sustained improvement in simple partial seizures and coordination of her right hand after treatment with RTX. IVIg previously failed to produce improvement and PEX repeatedly produced improvement for only a month or two. A key question is whether the improvement was attributable to the RTX. This cannot be ascertained in an uncontrolled case report, but it is notable that she had no such improvement for the six prior years and improvement occurred again after a second RTX course. Improvement lasted approximately 1.5 years after the first treatment and four months after the second; less sustained improvement after the second RTX course could be attributable to the natural progression of the underlying disease process.
An investigation of RTX to treat chronic focal encephalitis was conducted by Laxer and colleagues as a multi-center, open-label, uncontrolled pilot study of nine patients [7] . The present patient was included among this group (for the first course). A course of treatment consisted of weekly IV infusions of RTX for a total of four doses (375 mg/m2). Patients received either one or two courses (separated by six months). At follow-up of three to 22 months, eight of nine patients showed good response in terms of seizure frequency (50-100% decrease) and severity as well as cognitive and/or motor functioning. There was no evidence for toxicity or progression of disease in the trial.
Another previous case report of RTX for Rasmussen's encephalitis was published by Thilo and coworkers [8] . Investigators described a case of a 20-year-old woman with diagnosis of the syndrome seven years prior, presenting with refractory epilepsia partialis continua. In conjunction with other therapies, a trial of IV RTX at 375 mg/m2 once per week for four weeks was associated with depletion of CD+19 B cells and seizure freedom for six months.
Evidence supports an autoimmune basis for RE. Early in the disease, signs of immunopathology in resected brain tissue include perivascular cuffing, lymphocyte infiltration, and activated microglia in the setting of neuronal loss [1] . As the disease progresses, inflammatory features are superseded by more extensive neuronal loss with gliosis and necrosis [9] . Further clues to an immune-mediated mechanism for neuronal destruction include the demonstration of Glu3 receptor antibodies and involvement of B-and cytotoxic T-cells [10] . These findings have prompted the use of immunosuppression and modulation therapies, such as steroids, PEX, and IVIg [11] [12] . Such therapeutic modalities have shown positive effect on seizure frequency for some patients in the shortterm. Long-term outcomes are less clear [13] [14] ; however, Kupila and colleagues have reported a case of late onset biopsy proven RE who has been seizure-free with a normal neurologic exam for at least three years through a combination of anti-epileptic medications, steroids and monthly IVIg [12] .
Rituximab is believed to promote an antibody and complementdependent cytotoxicity of lymphoid cells expressing CD20 antigen, resulting in the clearance of B cells from blood, lymph nodes and marrow [15] . It has also been studied in a variety of non-malignant autoimmune disorders where B cells and autoantibodies appear to play a role in pathophysiology. Rituximab has FDA approved indications in rheumatoid arthritis, non-Hodgkin lymphoma and chronic lymphocytic leukemia, and it additionally has been reported to relieve signs and symptoms of lupus, immune thrombocytopenia, autoimmune anemia, autoimmune neuropathy, neuromyelitis optica, myasthenia gravis, and paraneoplastic disorders, such as anti-NMDA receptor limbic encephalitis or opsoclonusmyoclonus syndrome.
We hypothesize that RTX therapy, in our case, depleted the clone of lymphoid B cells producing the potassium channel antibody found in our patient. However, we also are aware that VGKC antibodies may be found in up to 11% of patients with epilepsy [16] , and the antibody identified in our patient may not be the cause of her epilepsy. Benefit of RTX was temporary in our patient, but more lasting than effects of steroids, IVIg or plasmapheresis. RTX may also be less invasive and more convenient than plasmapheresis. The response of this patient to RTX supports development of a clinical trial of RTX as a treatment for Rasmussen's encephalitis [17] .
Conclusions
N/A
